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BACKGROUND OF THE INVENTION 



1. FIELD OF THE INVENTION 

The present invention relates to a system and method for identifying 
biological samples. 

2. BACKGROUND ART 

Identification of biological samples is of critical importance. For 
example, tests on a particular patient's blood sample may reveal an illness 
requiring medical treatment. If the sample cannot at all times be identified 
and associated with the patient from whom the sample was taken, the 
patient may be denied necessary treatment, or undergo unnecessary 
treatment. 

Biological samples, including blood samples, are often placed in 
individual containers such as test tubes or vials. A common method of 
identifying a sample is to provide sample identifying information on the 
container. In one arrangement, identification data such as a patient's name, 
social security number or other identification number is printed or written on 
a label that is placed on the container in human readable form. In other 
arrangements a printed bar code label is affixed to each container. 

One problem with these identification arrangements or schemes is 
that they are not universal, but specific only to the organization which 
develops and implements the arrangement or scheme. A hospital may use 



one identification scheme and an outside laboratory may use another 
completely incompatible scheme. As a result, even though the scheme may 
properly identify the sample when it is at the hospital, it may provide no 
usable identification when the sample is sent to the outside laboratory. 

Another problem with these prior art schemes is that they do not 
ensure unique identification of each container. For example, if a patient's 
social security number is used as the identifier, all samples for that patient 
will use the same identifier. As a result, the identification system may not 
facilitate the unique identification of the later samples when a sample is split 
or additional samples are obtained from that patient. 

These prior art identifying arrangements and schemes also permit 
tampering. For example, a patient may provide the wrong social security 
number or name, resulting in duplicity with other samples belonging to a 
patient having that true number or name. 

For a scheme that marks the container with human readable 
information, another problem is the lack of patient confidentiality. Anyone 
who encounters the sample may easily identify the patient to which the 
sample corresponds. 

The use of these types of identification systems also requires an 

organization to implement a particular system, including obtaining the 

necessary marking and detection equipment. For example, if a hospital 

chooses to bar code label its sample containers, appropriate label printing 

and reading equipment must be obtained. 
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Numerous problems are associated with identification systems that 
require the user to place a label on each container. The label may be 
misprinted, may be affixed to the wrong container, may become damaged 
and unreadable, or may become separated from the container. Labels also 
5 present problems to automated label detection apparatus or equipment. 
When the container is used by more than one organization, multiple labels 
may be placed over one another on a single container, changing the 
dimensions of the container. The change in dimension of the container may 
prevent the container from being used with certain equipment or may 
1 0 damage the equipment. 

Normally each label is affixed with adhesive to the container. When 
the container has a curved outer surface, the ends of the label tend to pull 
away from the container surface. When the container is subsequently 
moved through automated detection equipment, loose portions of the label 
1 5 may be damaged or may damage the detection equipment. Adhesive may 
also be transferred from the label or container to the detection equipment, 
damaging the equipment. 

Another problem with labels is that they are very often opaque. For 
example, to easily permit a user to read written information, labels are often 
20 white paper written on with dark ink. As a result, the label obscure the view 
of the contents of the container. This is very disadvantageous when, for 
example, it is necessary to view the level of a fluid in the container. Even if 
the label is fairly transparent, the printed areas of the label are likely to be 
opaque. 



For automated equipment to be able to read these labels, the labels 
must often be specifically oriented on the container and the container must 
be specifically oriented with respect to a detection apparatus of the 
equipment. This may require that an operator align the label on each 
5 container with the detection apparatus. 

Another problem with prior art identification schemes is that they often 
do not provide sufficient data space for all of the desired information. Only a 
small amount of information may be written or printed on a blank label. 

There are other problems which specifically relate to the use of bar 
1 0 code labeling systems. A first problem is that the contents of the container 
may interfere with the detection of the bar code information. The bar code 
comprises printed dark bands on a light substrate. Detection of the bar code 
is accomplished by sensing the intensity of diffuse light reflected from the bar 
code area. If the contents of the container are dark, the differences in light 
1 5 intensity between the printed bar code bands and surrounding substrate may 
be difficult to ascertain, interfering with the bar code detection. 

A system and method for identifying biological samples that 
overcomes the above-stated problems is desired. 
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SUMMARY OF THE INVENTION 



The present invention is a system and method for uniquely identifying 
biological samples, whereby each sample is associated with a container 
having a universally unique identifier. Such containers are manufactured 
5 with the container identifier pre-marked before use of the container by the 
customer. The identifier comprises one or more markings defining a pattern 
comprising a machine-readable container ID. 

In one embodiment, the markings define areas having a specular 
reflectance which is less than that of the adjacent surface of the container. 
10 These markings may comprise, among other things, abraded or etched 
areas of the surface of the container or the surface of a thin film applied to 
the container. 

In another embodiment, the markings define areas having a specular 
reflectance which is greater than that of the adjacent surface of the 
15 container. These markings may comprise, among other things, melted areas 
of the surface of the container or a smooth film applied to the surface of the 
container. 

The markings are arranged on the container to provide a unique 
identifier for that container. In one embodiment, the markings comprise 
20 vertically spaced rings which extend around the perimeter of the container. 
In another embodiment, the markings are shaped as short bars and spaced 
from one another vertically along the outer surface of the container. In yet 



another embodiment, the markings are shaped as short bars and spaced 
from one another horizontally around the outer surface of the container. 

A detection apparatus is provided for detecting the identifier 
associated with each container. In one embodiment, the detection 
5 apparatus comprises a light emitter and detector pair. The light is emitted 
towards a container while the container is moving relative to the light, and 
the specularly reflected light is detected by the detector. In one 
embodiment, the detection apparatus comprises a charge-coupled device. 

Each identifier may be associated with a variety of information 
10 regarding the container and contained sample. 

Further objects, features, and advantages of the present invention 
over the prior art will become apparent from the detailed description of the 
invention which follows, when considered with the attached Figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a side view of a container containing a biological sample, 
the container marked for identification in accordance with an embodiment of 
the Invention. 

5 Figure 2 is a side view of a container containing a biological sample, 

the container marked for identification in accordance with an embodiment of 
the Invention. 

Figure 3 Is a side view of a container containing a biological sample, 
the container marked for identification In accordance with an embodiment of 
10 the invention. 

Figure 4 illustrates an embodiment of a detection apparatus of the 
invention as utilized to detect markings on a container marked as illustrated 
In Figure 1. 

Figure 5(a) is a graph illustrating the output of a detection apparatus 
15 of the invention utilized to detect markings formed by laser-etching. 

Figure 5(b) Is a graph illustrating the output of a detection apparatus 
of the invention utilized to detect markings formed by translucent adhesive 
tape. 

Figure 6 is a flow diagram Illustrating container manufacture, marking 
20 and use according to an embodiment of the invention. 
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Figure 7 is a graph illustrating the output of a detection apparatus of 
an embodiment of the present invention utilized to detect markings formed 
on a container which is (a) empty; (b) half full of blood and (c) half full of 
blood lysate. 
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DETAILED DESCRIPTION OF THE INVENTION 



The present invention comprises a system and method for identifying 
biological samples. Each sample is associated with a particular container. 
Each container is marked with a universally-unique identifier comprising one 
5 or more identifying markings formed on the container that uniquely identify 
that container. Means are provided for detecting or reading the markings to 
determine the identifying information. 

In the following description, numerous specific details are set forth in 
order to provide a more thorough description of the invention. It will be 
10 apparent, however, to one skilled in the art, that the invention may be 
practiced without these specific details. In other instances, well-known 
features have not been described in detail so as not to obscure the 
invention. 

Figure 1 illustrates a container 20 marked in accordance with one 
1 5 embodiment of the Invention. In the embodiment illustrated in Figure 1 , the 
container 20 Is a test tube or vial, although other types of containers may 
also be used. The container 20 comprises a wall which defines an open top 
end 26 and closed bottom end 28 of the container 20, and an interior space 
in which a fluid or other material may be contained. The wall has an outer 
20 surface 22 which is curved about a longitudinal axis passing through the top 
end 26 and bottom end 28 of the container 20. The container 20 may have 
a wide variety of shapes and configurations other than that described above, 
as well known to those of skill in the art. 



To contain a biological sample, the container 20 nnay be constructed 
from a material which is chemically inert with respect to the sample. The 
container 20 may be substantially transparent in at least one or more 
locations. For example, the container 20 may be constructed from glass, 
5 plastic or other materials well known in the art. 

Container Marking 

In accordance with the invention, a universally-unique identifier is 
manufactured onto the container 20. In the embodiment illustrated in Figure 
1 , this identifier comprises one or more markings 24. As described in more 
10 detail below, the markings 24 are arranged to provide unique identifying 
information for the container 20. 

In one or more embodiments of the invention, the markings 24 define 
a surface or area having a specular reflectance which differs from that of a 
surrounding outer surface 22 of the container 24. The term specular 
1 5 reflectance refers to the characteristic of a material to reflect light from a 
source in a direct, rather than a diffuse manner. The terms "higher" or 
"greater" specular reflectance in relation to a surface mean that light is 
directly reflected to a greater degree by that surface than by a surface having 
a "lesser" or "lower" specular reflectance. 

20 In one embodiment, each marking 24 defines a surface which has a 

specular reflectance which is less than that of the surface of the container 20 
adjacent to the marking. In this embodiment, the amount of light that is 
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directly reflected from the marking 24 is less than that reflected by the 
surface of the container 20 adjacent the marking 24. 

In one embodiment, the marking 24 is formed by abrading the outer 
surface 22 of the container 20 at one or more locations. This method of 
5 forming marking 24 is especially effective when the outer surface 22 of the 
container 20 is smooth and has a high degree of specular reflectance. 

One method that may be used to abrade the surface is laser etching. 
If the container 20 is constructed from plastic, a CO2 laser is especially 
effective in etching the surface of the container 20. In one embodiment, a 
10 laser operating at approximately 3 watts of power is used to etch the outer 
surface of a plastic test tube. 

The outer surface 22 of the container 20 may alternatively be abraded 
with a diamond or carbide abrading wheel or similar grinding apparatus. The 
outer surface 22 of the container 20 may also be sandblasted or etched with 
15 chemicals. 

As described below, in one embodiment, the marking 24, while 
defining an area having a lower degree of specular reflectance than the 
surrounding surface is still arranged so that it is substantially translucent, 
allowing one to see through the marking 24 into the interior of the container 
20 20. 

In one embodiment, a thin film material having a specular reflectance 
that is lower than that of the adjacent outer surface 22 of the container 20 is 
12 



placed on the container. The film is preferably substantially translucent and 
may be affixed to the container 20 in a variety of manners. The film may, for 
example, comprise a thin translucent adhesive tape. Thermal bonding or 
similar means may also be used to bond the film to the container 20. 

5 In one embodiment of the invention, the marking 24 defines a surface 

or area having a specular reflectance that is greater than that of the 
container 20 adjacent to the marking 24. In this embodiment, the amount of 
light that is directly reflected from the marking 24 is less than that reflected 
by the surface of the container 20 adjacent to the marking 24. 

10 If the container 20 is constructed from a plastic having a relatively dull 

or rough outer surface, the marking 24 may be formed by melting a thin layer 
of the outer surface 22 of the container 20, producing a melted area of the 
container 20 that has a smoother surface with a higher specular reflectivity 
than the surrounding unmelted areas of the container 20. The melting may 

15 be accomplished by direct contact with a heated element, by subjecting a 
portion of the outer surface 22 of the container 20 to an intense source of 
thermal radiation, or by other means well known to those of skill in the art. 

The higher specular reflectance of marking 24 may be produced by a 
variety of other means, in addition to melting. For example, a thin film having 
20 a surface with a high specular reflectance may be placed on the container 20 
for defining the marking 24 in a similar manner to that described above for a 
film having a lower specular reflectance. 
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As stated above, the marking 24 comprises an area or surface having 
a specular reflectance different from that of the surrounding surface or area. 
Thus, the outer surface 22 of the container 20 may have a first specular 
reflectance, the marking 24 a second specular reflectance, and an area 
5 surrounding the marking 24 a third specular reflectance. For example, a 
translucent tape having a background with one specular reflectance and 
marked areas having a second specular reflectance may be applied to the 
outer surface of a container 20 having a third specular reflectance. Marking 
24 may thus be defined independently of the outer surface 22 of the 
10 container 20. 

Those of skill in the art will appreciate that a wide variety of other 
means exist for defining the markings 24, as part of the manufacturing, or 
post-manufacturing process. 

Marking Configuration 

15 In accordance with the invention, marking 24 may have a variety of 

configurations and locations on the container 20. In the embodiment 
illustrated in Figure 1, each marking 24 comprises a ring which extends 
around the perimeter of the outer surface 22 of the container 20. Each 
marking 24 is oriented generally perpendicular to the longitudinal axis that 

20 extends along the length of the container 20 from its top end 26 to its bottom 
end 28. 

When the container 20 has other than a cylindrical form, each 
marking 24 may comprise a band which extends around the perimeter of the 



container 20. For example, if the container 20 is generally rectangular in 
shape having four sides and a top and a bottom, each marking 24 may 
comprise a band that extends around all four sides of the container 20. 

In one or more embodiments, the marking 24 extends only part way 
5 around the container 20. In one embodiment, illustrated in Figure 2, each 
marking 24 comprises a short bar on the outer surface 22 of the container 
20. In this embodiment, the marking 24 has a length that is generally greater 
than its height, with the length of the marking 24 extending generally 
perpendicular to the longitudinal axis along the length of the container 20. 

10 In one embodiment, illustrated in Figure 3, each marking 24 again 

comprises a short bar on the outer surface 22 of the container 20. In this 
embodiment, however, the markings 24 are oriented parallel to the 
longitudinal axis along the length of the container 20. Thus, where multiple 
markings 24 are used, individual markings 24 are spaced from one another 

15 around the circumference or periphery of the container 20. In this 

embodiment, an unmarked or open space may be provided on the outer 
surface 22 of the container 20 along the circumference on which the 
markings 24 are placed so that the start and end of the markings may be 
identified. 

20 In one or more embodiments, a group of individual markings 24 are 

placed on each container 20. The number of markings 24 and their 
relationship to one another and to the container 20 define a unique identifier 
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and provide a unique identifying or information-providing function for the 
container and its contents. 

To allow each container 20 and its associated biological sample to be 
uniquely identified, the combinations of marking(s) 24 in one embodiment 
5 define a sufficiently large number of unique identifiers such that duplication 
of an identifier W\\\ not be necessary over a long period of time. In this 
embodiment, each container 20, regardless of size, dimension or other 
characteristic, is provided with a unique identifier. 

The number of unique identifiers desired can be calculated in a 
1 0 number of ways. For example, if it is presumed that 1 00 billion containers 20 
are to be produced each year for 100 years, the marking 24 should 
accommodate 10^^ unique identifications to prevent duplication of a marking 
24 on a container 20. 

In addition, however, it may be desired that the markings 24 not only 
15 accommodate a unique identifier for each container, but also provide 

additional information. For example, it may be desired that each container 
20 that is produced by a particular manufacturer to include not only the 
container's unique identifier, but also information about where and by whom 
the container 20 was manufactured. It may also be desired to include 
20 additional information such as the size of the container, to allow containers 
to be sorted using an automated container handling system, or the chemistry 
of the container, or other information. 
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In one embodiment, it is desired that tine markings 24 provide 10^^ * 
10^ or 10^^ Identifiers to allow the markings to provide 10^ combinations of 
additional information. This number of identifiers may be provided by 
utilizing markings 24 according to the 18 decimal digit Code 128-C bar code 
5 which is well known to those of skill in the bar-coding art. When stored in a 
database, this range of identifiers may be comfortably represented by a 
double integer. This coding houses 2^^ unique identifiers, which is 
approximately equal to 1 .8 * 10^®, thus meeting the goal of providing at least 
1 * 10^^ identifiers. 

10 In one or more embodiments, the markings 24 on the container 20, 

including their size and spacing, are arranged so as to allow the markings 24 
to be detected by appropriate detection apparatus (discussed in more detail 
below). In one or more embodiments, the markings 24 are arranged so as to 
accommodate their positioning on a variety of different sized containers. 

1 5 In one embodiment the markings 24 are arranged in accordance with 

an 18 decimal digit Code 128-C so as to occupy only about one inch of linear 
space. This arrangement permits the markings 24 to be placed on very 
small containers 20. 

In one embodiment, to ensure that each and every container 20 
20 manufactured by all manufacturers is provided with a unique identifier, the 
several manufacturers of the containers 20 are each allocated mutatly- 
exclusive subsets of identifiers for use. 
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In certain of the above-described embodiments, several individual 
markings 24 cooperate together to provide a unique identifying function. In 
other embodiments, a single marking 24 or a small number of markings may 
be con Figured to provide unique identifying pieces of information. For 
5 example, a single marking 24 may comprise an area on a container 20 

having a detectably unique shape that functions as an identifier. In addition, 
the marking 24 may comprise a number of different markings 24 
interconnected so as to create a single marked area 24. 

Container Identification 

10 The markings 24 are arranged to be detected or identified such that 

information regarding the container 20 and associated sample may be 
obtained. In one or more embodiments, a detection apparatus 29 is used for 
detecting or reading the marking(s) 24 on each container 20. 

In one embodiment, illustrated in Figure 4, detection apparatus 29 
15 comprises a light-emitter 30 and detector 32. The light-emitter 30 is 

arranged to project light at an angle towards the outer surface 22 of the 
container 20. The detector 32 is arranged to detect the specularly reflected 
light and to output a detection signal based upon the level of reflected light. 
In one embodiment, detector 32 comprises a Texas Instruments TIL 149 
20 reflecting photosensor adapted for use in such an arrangement. 

To detect or read multiple markings 24 on a single container 20, in 

one or more embodiments the detection apparatus 29 and container 20 are 

moved relative to one another. In one embodiment, the container 20 is 
18 



moved with respect to the detection apparatus 29 along an axis extending 
through the container's top and bottom ends. As the container 20 moves, 
the projected light impinges upon and reflects off of different portions of the 
outer surface 22 of the container 20. As illustrated in Figure 4, the projected 
5 light alternately reflects off of the marked areas of the container 20 and the 
unmarked areas. Because the marked and unmarked areas have different 
specular reflectivities, the presence and absence of the marked areas can 
be detected from the level of reflected light measured by detector 32. 

In another embodiment, the container 20 remains stationary while the 
1 0 detection apparatus 29 moves relative to the container 20. 

Figures 5(a) and 5(b) illustrate examples of an output signal obtained 
from a light emitter-detector pair in one embodiment when utilized to detect 
spaced markings 24 on a container 20. The output signal indicates the 
amount of reflected light detected versus time. Figure 5(a) illustrates an 

1 5 example output sinal obtained when the markings 24 constitute laser etched 
areas of the outer surface of the container. Figure 5(b) illustrates an 
example output signal obtained when the markings 24 comprise areas of 
translucent adhesive tape applied to the outer surface 22 of the container 
20. In both instances, the markings 24 are clearly identifiable as peaks in 

20 the output signal, while the unmarked areas comprise "valleys" or dips in the 
output signal. 

In one or more embodiments, detection apparatus 29 comprises a 
charge-coupled device (CCD) arranged to detect the light reflected from the 
19 



whole of the marked portion of the container 20 without requiring relative 
movement between detection apparatus 29 and the container 20. The light 
source may comprise dispersed light sources, such as, for example, a 
filament lamp or an array of LEDs. To maximize the intensity of reflected 
5 light, the CCD and container may be oriented so that the CCD is centered in 
the area of maximum reflection. The CCD provides an output signal that 
indicates the amount of light that impinges at points along its length. The 
output signal of the CCD can therefore be utilized to detect markings 24. 

Regardless of the detection apparatus employed, the output of the 
10 detection apparatus is used to read the markings 24 of a container 20 to 
identify the container 20 and its associated identifying information. In one 
embodiment, each set of markings 24 for a particular container 20 is 
associated with certain information, such as a unique container identifier, 
manufacturer information and the like. This information may, for example, 
15 be stored in an appropriate memory that associates a particular set of 

information with a particular set of markings 24. The information may be in 
the form of numbers, letters or combinations thereof. 

The detection apparatus 29 provides an output signal that can be 
utilized by an appropriate processing mechanism to match the stored 
20 information corresponding to a particular container 20 to a particular set of 
sensed markings 24. A user of the container 20 may thus scan or detect the 
markings 24 on a particular container 20 and obtain the corresponding 
information. 
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In one or more embodiments, a user of a particular container 20 may 
modify an information database associated witli a container 20. For 
example, a hospital may modify the information corresponding to a particular 
container 20 once a biological sample has been placed into the container 20 
5 to associate that container with the biological sample. The Information 
database can contain patient, sample and other data corresponding to that 
particular container 20. 

In one embodiment, illustrated in Figure 6, the identifier of a container 
20 is provided by the manufacturer. In this embodiment, the manufacturer of 

1 0 the particular container 20 manufactures the container 20 and marks it with 
markings 24. The particular markings 24 of a particular container 20 
comprise an identifier that Is verifyably unique among containers previously 
manufactured (using information in the manufacturer's database). For 
example, the Information in the database associated with a particular 

1 5 marking 24 of a particular container 20 may identify container 20 as 

container number "55900" manufactured by XYZ company. The database 
may be maintained by the manufacturer, by an organization of 
manufacturers, or by some other entity or entities. Access to the database 
may be provided by means well known to those of skill in the art, such as by 

20 direct computer link or the Internet. 

In this embodiment, when the first user of the container 20 obtains the 
container from the manufacturer, a reseller or other source, the user detects 
the markings 24 and associates the container ID with an intended use of the 
container retrieved from the user's database. This intended use might 



include, for example, a patient ID and test ID already waiting in the database 
for commitment of a container ID to house this test. For example, the patient 
ID and test ID might be patient "John Doe, Social Security No. 123-45-6789, 
blood sample 1 taken 1-1-1998." On the first use of the container, this 
5 information is associated with the container ID as a means of tracking what 
is in the container. 

Subsequent users of the container 20, both human and automated 
machines, may obtain this information by detecting the identifier and using 
the identifier to query the corresponding database. Subsequent users may 
10 also add to the information in the database. For example, a laboratory that 
conducts tests on the sample contained in the container may add test result 
information. 

In this embodiment, information remains associated with the container 
20 as it is moved or transferred, without the information having to be printed 
15 on a label as in the prior art. This ensures transportability of the sample ID 
as well as patient confidentiality. 

Advantages of the Invention 

Many advantages are realized using the method and apparatus. The 
invention provides a system and method for uniquely identifying containers 
20 and associated biological samples that may be universally implemented. 

Implementation of the method does not require the development of a specific 
coding or labeling scheme by a particular end user. To utilize the system 
and method of the invention, the end user need not obtain special equipment 



for coding or marking the containers. The end user need only obtain the 
necessary detection equipment and have access to appropriate means to 
interface with and modify the information associated with the container in the 
relevant database. 

5 Further, the identifier associated with each individual container can be 

used to not only identify the particular container, but also to provide other 
information about the container, such as, for example, manufacturer, 
container make-up and the like. 

Further, the specimen, once identified by container ID, may be 
10 transported across institutional boundaries under a single, universal ID. A 
second user environment may obtain the information it needs by querying 
the database in the first user environment. 

Another advantage is that the markings 24 are indelible and not 
separable from the container 20. 

15 Another advantage is that the markings 24 also do not change the 

physical dimensions of the container 20, simplifying the task of automatically 
handling the container. 

When the markings 24 comprise rings which extend around the 
perimeter of the container 20, the container 20 need not be oriented in any 
20 specific fashion in order for the markings 24 to be detected. This eliminates 
the need for human or automated container alignment with the detection 
apparatus. 



The markings 24 also do not interfere witli viewing of tine contents of 
the container. The markings 24 are, in one or more embodiments, 
substantially translucent as compared to common bar coding that comprises 
dark ink printed on a light substrate, both of which are opaque. The 
5 markings 24 of the present invention generally comprise only changes in the 
surface smoothness of the container 20, and not the color. Thus, when the 
container 20 is relatively translucent, the markings 24 comprise areas of the 
container 20 which are similarly translucent. 

Another advantage of the markings of the invention is that the 
1 0 contents of the container 20 do not interfere with the detection of the 
markings 24. 

Figure 7 graphically illustrates the ability to detect a container 
identifier in accordance with the invention independent of the contents of the 
container 20. Line (a) of Figure 7 represents the output of a detection 

15 apparatus 29 used to detect the markings 24 on a container 20 when the 
container is empty. Line (b) of Figure 7 represents the output of the 
detection apparatus 29 when the container 20 is half full of blood. Line (c) 
of Figure 7 represents the output of the detection apparatus 29 when a 
container 20 is half full of a blood lysate mixture. In the tests performed to 

20 obtain the data represented by Lines (b) and (c), the markings were 

arranged so that the meniscus of the fluid was positioned approximately mid- 
way along the length of the marked areas, and the markings 24 were defined 
by translucent adhesive tape. 



24 



These results also demonstrate that the detection apparatus 29 may 
in some instances be used to detect the level of the contents of the container 
20. Referring to Lines (b) and (c), while the ability of the detection apparatus 
29 to detect the markings 24 regardless of the contents is clear, a slight 
change in the amplitude of the output is noted between those areas of the 
container scanned which did and did not contain fluid. Thus, by monitoring 
changes in the average amplitude of the output of the detection apparatus 
29, given the output illustrated in Figure 7, one may detect a relative fluid 
level of the container 20. 

Another advantage of the present invention is that the markings 24 
used to form the identifier are not of a human readable form. This ensures 
confidentiality of the information associated with the sample. 

The foregoing description is that of example embodiments of the 
invention. It will be understood to those of skill in the art that various 
changes and modifications may be made without departing from the spirit 
and scope of the invention, as defined by the claims. 
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WHAT IS CLAIMED IS : 



1 . A method of identifying a biological sample associated with a 
container comprising the steps of: 

obtaining a container having an outer surface; 

5 systematically providing said container with a universally unique 

identifier, as part of its manufacture locating said biological sample in said 
container. 

2. The method in accordance with Claim 1 , wherein said identifier 
comprising one or more first areas on said outer surface of said container 

10 having a first specular reflectance which differs from a second specular 
reflectance of a second area adjacent said first area; and 

said first specular reflectance is greater than said second specular 
reflectance. 

3. The method in accordance with Claim 2, wherein said providing 
15 step comprises laser etching said outer surface of said container to define 

said one or more first areas. 

4. The method in accordance with Claim 2, wherein said providing 
step comprises abrading said outer surface of said container to define said 
one or more first areas. 

20 5. The method in accordance with Claim 1 , wherein said first 

specular reflectance is less than said second specular reflectance. 



6. The method in accordance with Claim 5, wherein said providing 
step comprises melting said outer surface to define said one or more first 
areas. 



7. The method in accordance with Claim 1 , further Including the 
5 step of detecting said one or more first areas of said outer surface of said 

container. 

8. The method in accordance with Claim 6, wherein said step of 
detecting comprises the steps of projecting light towards said outer surface 
of said container from a source and sensing light reflected by said container 

10 from said source. 

9. A method of identifying a container comprising the steps of: 

obtaining a container having an outer surface; 

marking said outer surface of said container with a unique identifier 
comprising one or more areas having a first specular reflectance that differs 
1 5 from a second specular reflectance of said outer surface adjacent said one 
or more areas; 

detecting said identifier; and 

associating said identifier with one or more items of information 
pertaining to use, or planned use, of the container. 

20 10. The method in accordance with Claim 9, wherein said first 

specular reflectance is less than said second specular reflectance. 



11. The method in accordance with Claim 9, wherein said marking 
step comprises laser etching said outer surface of said container to define 
said one or more areas. 



12. The method in accordance with Claim 9, wherein said marking 
5 step comprises abrading said outer surface of said container to define said 

one or more areas. 

13. The method in accordance with Claim 9, wherein said first 
specular reflectance is greater than said second specular reflectance. 

14. The method in accordance with Claim 9, wherein said marking 
1 0 step comprises melting said outer surface to define said one or more areas. 

15. The method in accordance with Claim 9, wherein said marking 
step comprises applying a thin film member to said outer surface of said 
container. 

16. The method in accordance with Claim 9, wherein said step of 
15 detecting comprises the steps of projecting light towards said outer surface 

of said container from a source and sensing light reflected by said one or 
more areas and said outer surface adjacent thereto. 

17. A uniquely identifiable container, said container having an outer 
surface with an area having a first specular reflectance and an Identifier 

20 associated with said container, said identifier comprising an identifying 
surface having a second specular reflectance that differs from said first 
specular reflectance. 
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18. The container in accordance with Claim 17, wherein said 
container contains a biological sample. 

19. The container in accordance with Claim 17, wherein said first 
specular reflectance is greater than said second specular reflectance. 

5 20. The container in accordance with Claim 17, wherein said 

container has a top and a bottom and said identifying surface extends 
around said outer surface of said container between said top and said 
bottom. 

21 . The container in accordance with Claim 1 7, wherein said 

10 container has a top and a bottom and an axis extending through said top and 
said bottom, and wherein said identifying surface has the shape of a bar. 

22. The container in accordance with Claim 21 , wherein said bar 
extends perpendicular to said axis. 

23. The container in accordance with Claim 21 , wherein said bar 
15 extends parallel to said axis. 

24. The container in accordance with Claim 17, wherein said 
identifying surface is substantially translucent. 

25. The container in accordance with Claim 17, wherein a number 
of identifying surfaces are spaced from one another on said outer surface of 

20 said container. 
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26. A system for uniquely identifying a biological sample 
comprising a container having an outer surface having a first specular 
reflectance, an identifier associated with said container, said identifier 
defining a surface having a second specular reflectance that differs from said 
first specular reflectance, and a detection apparatus for detecting said 
identifier. 

27. The system in accordance with Claim 26, wherein said 
detection apparatus comprises at least one light emitter and one light 
detector. 

28. The system in accordance with Claim 26, wherein said 
container comprises a test tube. 

29. The system in accordance with Claim 26, wherein said 
identifier comprises at least one marking formed by abrading said outer 
surface of said container. 

30. The system in accordance with Claim 26, wherein said 
identifier comprises at least one marking formed by laser-etching said outer 
surface of said container. 

31 . The system in accordance with Claim 26, wherein said 
identifier comprises at least one marking defined by a translucent film 
material applied to said outer surface. 
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ABSTRACT OF THE INVENTION 



A system and method for identifying a biological sample associated 
with a container is disclosed. A universally unique-identifier is associated 
with each container. In one or more embodiments, the identifier comprises 
5 one or more markings having a specular reflectance which differs from the 
specular reflectance of the outer surface of the container adjacent the 
markings. A detection apparatus detects the differences in specularly 
reflected light to identify the identifier associated with the container. The 
identifier is associated with certain information regarding the container and 

1 0 biological sample. From that point forward, any information about the 

contents of the container may be retrieved by searching on its container ID. 
Because the container ID is assured by its manufacturer to be universally- 
unique, the container and sample may move from one organization to 
another under the same identifier, and information about the contents of the 

15 container may be shared by querying on its container ID. Practically, the 
sample ID becomes universally by virtue of presenting a universally- 
understood search key usable by anyone who needs to process the 
container. By suitably restricting access to sensitive database fields, patient 
confidentiality may more easily be assured since the marking on the 

20 specimen does not reveal any such information. 
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